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Fig. 1. Experimental setup. A schematic representation of the electric field distribution at various points in the system is also given.
II. TRANSMISSION OF OCDMA SIGNALS
The experimental setup we employed to carry out the
OCDMA system demonstration is shown in Fig. 1. Both the
signal source and the pump for the time-gating device consisted
of two 10-GHz short-pulse 2 ps), mode-locked laser diodes,
which were externally down-gated to a repetition rate of
1.25 GHz. The wavelengths of the signal and the pump were
1556.5 and 1549 nm, respectively. A pattern generator was used
to apply pseudorandom data to the signal. The encoder and
decoder were 64-chip 160-Gchip/s bipolar coded SSFBGs of
the same type as those used in [2]. The duration of the encoded
sequence was 410 ps, whereas the correlation signal after
decoding had a duration of 820 ps. The insertion loss of each
of the SSFBGs was 10 dB. Several high-power erbium-doped
fiber amplifiers were included at various points in the system
to restore the signal power. The optical delay line used in the
signal path was tuned to ensure that the central part of the signal
waveform coincided with the pump pulse in the time-gating
device. A 3-nm filter positioned after the device filtered out the
pump signal.
We first tested the system without time gating or transmis-
sion.AneyediagramofthedecodedsignalisshowninFig.2(a).
As expected, a distinct peak is formed at the middle of the
autocorrelation signal, accompanied by relatively low power
components that extend by 410 ps either side of the main
peak. Fig. 2(b) shows an eye diagram of the same signal after
time-gating detection was employed. The figure shows that the
contribution of the correlation components away from the main
peak has been greatly reduced. The benefit of using time gating
is better appreciated when a bit-error-rate (BER) curve is exam-
ined (Fig. 3). The penalty for error-free operation of the system
is reduced by 4 dB when using time-gating detection, relative
to simple matched filtering. Note thatthe decision levelfor each
of the BER curves shown in Fig. 3 was set to provide error-free
operation at the 1E-9 level at the lowest possible received op-
ticalpowerineachinstance.Thedecisionlevelwasthenfixedat
this value whilst obtaining the BER at other values of received
power. We believe the residual power penalty of 6 dB for the
simple matched filtering case relative to the back-to-back mea-
surement, to be associated with nonideally matched coding:de-
coding gratings and the use of relatively noisy power amplifiers
within the system. A residual power penalty of 1.5 dB was ob-
Fig. 2. Eye diagrams of the decoded signal (a) after simple matched filtering,
(b)aftertime-gatingdetection,(c)after50-kmtransmissionandsimplematched
filtering,and(d)after50-kmtransmissionandtime-gatingdetection(timescale:
100 ps/div).
Fig. 3. Results of the BER measurements.
tained in earlier experiments with lower noise amplifiers and
more ideal gratings.
The system was then tested using the 50-km NZ-DSF trans-
mission line. The dispersion of the fiber at the operating wave-
length was 250 ps/nm. Calculations show that this amount of
dispersioniscapableofspreadingeach6.4-pschipbymorethan
150 ps. This causes the encoded waveform to appear severely
distorted at the end of the transmission line. A comparison of
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